Encouraging working from home or telecommuting has long been seen as a means to encourage sustainable mobility. With increase coverage of high-speed Internet access and escalating transport costs, telecommuting has become more attractive than ever. This paper seeks to explore the factors that encourage telecommuting in the Greater Dublin Area (GDA) in Ireland. The research presented in this paper considers how factors such as public transport access, deprivation, industrial grouping, car ownership, household structure and residential density, impact upon the decision to work from home. The paper also seeks to determine the cost savings in terms of travel time saved that those telecommuting enjoy on an annual basis. The findings of this study show a substantial travel time and cost of travel time saving in the GDA. The findings also suggest areas several factors such as broadband Internet coverage, public transport availability and occupation all impact upon the propensity to work from home.
Introduction and background
This paper focuses upon the GDA and asks the question what factors impact upon individuals' decision to working from home. The GDA includes the counties of Dublin, Kildare, Wicklow and Meath and in 2011 had a population of approximately 1.8 million (CSO, 2011) . Typically approximately 56% of the total population of the GDA drive to work alone on a daily basis (See Table 2 ) and car ownership levels in some areas of Dublin County are substantially higher than that of the rest of Ireland (Caulfield, 2012) . Over the past number of years policies have been introduced to reduce reliance on driving and encourage modal shift to more sustainable modes of transport. In 2009, the Irish government launched a sustainable travel plan that aimed to reduce car commuting by 20% (Department of Transport, 2009) . Some success has been achieved in this area with an increase in cycling in the Dublin but with limited success outside of Dublin (Caulfield, 2014) . However, the GDA has a number of problems that were the product of the recent housing boom and as a result the newer housing stock in the GDA tends to have poor public transport access and residents have longer commuting times (Caulfield and Ahern, 2014) .
Telecommuting or working from home has been a policy that has been mostly overlooked in Ireland. Given the nature of the low density housing stock in Dublin and the extensive costs in constructing large scale large new public transport systems in the GDA (Caulfield et al, 2013) ; the research presented in this paper seeks to determine what benefits a policy of working from home could have in the GDA. The research presented in this paper demonstrates the rates of working from home in the GDA and the travel time saved and economic benefits of working from home.
Literature Review
The research conducted to date on telecommuting has tended to focus upon its impacts on urban form and the potential benefits and costs of telecommuting. Several authors postulate that increases in telecommuting can have varying impacts upon urban form.
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Several authors have demonstrated the environmental benefits of telecommuting. Schwanen et al (2011) acknowledge that improvements in technology such as video conferencing, has made the option of telecommuting much more convenient. Henderson and Mokhtarian (1996) conducted pioneering work in this area, measuring the environmental benefits of telecommuting in the Puget Sound region and demonstrated substantial environmental benefits. Mokhtarian and Varma (1998) also found similar reductions in emissions with up to a 21% reduction in carbon dioxide emissions in the study undertaken. Other studies have sought to examine the impacts of telecommuting in relation to distancetravelled reductions. Choo et al (2006) demonstrate that while the distance travelled reductions related to telecommuting in the United States are modest, they can be in some cases be comparable to public transport ridership and as such present a cost efficient means to reduce overall distance travelled. Other studies have examined the potential of telecommuting as a means to reduce energy consumption, in terms of transportation energy, and have shown the ability of this policy to reduce overall energy consumption in the transport sector (Fu et al, 2012; Noland et al, 2006) . Dissanayake and Morikawa (2008) examined the potential impacts of introducing a system of satellite based telecommuting centres on the periphery of cities in the developing world. The results from the analysis conducted showed that vehicle kilometres travelled and thus emissions could be reduced if a system of satellite based telecommuting centres were constructed.
The impacts that information and communications technology (ICT) would have on transportation patterns have been discussed extensively and Golob and Regan (2001) were stern in their view that the advent of ICT was the single biggest revolution to hit the transport sector since the automobile. Therefore it is unsurprising how many studies have sought to determine the relationships between ICT usage and telecommuting and how this is changing our travel patterns (Ren and Kwan, 2009; Calderwood and Freathy, 2014) . Alexander et al (2010) found that usage of ICT had a greater impact upon the decision to have a more flexible working schedule than traditional socio-economic factors. This concept is further explored by Alexander and Dijst (2012) as they postulate that profession has a large impact upon the ability to have flexible working arrangements and work at least one day of the week from home. The research presented in this paper presents a case study of working from home in the GDA
Methodology and Data

Data
The data used in this study comes from the 2011 census of Ireland. This dataset is called Place of Work, School or College -Census of Anonymised Records or POWSCAR (CSO, 2011) . The 2011 census was conducted on the night of the 10 th April 2011. The POWSCAR dataset contains data on almost 2.8 million people and if they were in education or employment how they travelled to their place of education or employment. The variables taken from the POWCAR dataset are described in Table 1 .
The POWCAR dataset was supplemented with a number of other data sources to determine what factors impact upon the rates of working from home in the GDA. This was conducted, as the POWCAR data doesn't contain information on a number of characteristics considered to be important in the probability that an individual would work from home. Each of these variables are related to the areas and not to the households specifically. Meaning that for example while a household is in an area with for example with a high concentration of broadband Internet coverage, it doesn't mean that this household has a broadband Internet connection. In other words these variables are used as a proxy to measure phenomenon such as the chances of a household having a broadband connection as the specific household data is not available.
The first set of variables relates to deprivation. This measure of deprivation uses a number of demographic, social class and labour market factors to estimate the relative deprivation of an area (Haase and Pratschke, 2012) . In the case of study presented in this paper 690 electoral districts are used as the areas. Appendix A has a description of the
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Caulfield: Does it pay to work from home variables used to estimate the deprivation index. In the study area the deprivation score takes values ranging from -28 (most deprived areas) to 3 (least deprived areas).
Proximity to public transport is also examined to determine if it has an impact upon the decision to work from home. The first set of variables relates to bus availability. This variable is measured in the number of bus stops per 1,000 in each are examined. The rail availability variable takes a binary value in relation to if rail was available or not. The final variable that is related to the area that the individual lives in is broadband Internet coverage. As the POWCAR data does not contain information if a household has a broadband Internet connection data was used that has the average number of households in area with a broadband connection. This data is related to the electoral district and is the percentage of households in that area with a broadband connection, as seen in Table 1 this falls into three categories. 
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Modelling Approach
This section of the paper describes the modelling approach used to examine the POWSCAR data and the supplemental data to determine what factors impact upon the probability of an individual living in an area with a high of individuals working from home. A multinomial logit regression model was used in this research to estimate these relationships. Three levels of working from home are examined in the model, the first level was areas with less than 2% of individuals working from home, the second level includes areas with 2-3% of individuals working from home and finally the third level represents areas with 3% or more of individuals working from home. The multinomial logit model takes the following functional form:
where p is the probability that event Y occurs (in the case of this study it is the probability that someone lives in an area with a higher percentage of individuals working from home).
βI is the set of individual specific characteristics (these include education, age and occupation etc.), γ H is the set of household specific characteristics (these include public transport availability, broadband Internet coverage and household structure etc.). The results estimated from these models are presented in Table 4 .
Results and analysis
Overview of those currently working from home
This section of the paper examines the current rates of telecommuting in the GDA. Table 1 contains a break down of each of the modes of transport used to travel to work in the GDA. The first four areas detailed in the table relate to county Dublin. It can be seen in these areas that the percentage of those working from home varies with Dún Laoghaire-Rathdown having the highest percentage of individuals working from home. The results from the counties surrounding Dublin County (those that make up the rest of the GDA) show a higher percentage of working from home with Wicklow having the highest overall percentage. Figure 1 maps the percentages of those working from home in the GDA and is segmented into electoral districts. The map shows that it is the areas in the south of the GDA that have the highest percentages of individuals working from home. To provide further context involving the rates of working from home, Figure 2 provides the percentages of those indicating they work from home from the past three sets of Census data in Ireland. The results show that over the past three Census time periods the rates have fluctuated with the percentages in 2011 being lower than those for 2006, with the exception of County Wicklow. Table 3 presents the demographics of those working from home in the GDA and compares them to the population in the GDA. The first set of results relate to gender, they show that a higher percentage of males work from home. The findings for the age categories shows that a higher percentage of those over the age of 45 were said to be working from home. The industrial group that the individual belonged to also examined in this research to attempt to identify which workers are most likely to be in a position to be able to work from home, for ease of reference these groups are numbered as shown in Table 3 . The results in Table 3 show that a higher percentage those working in Group 2 were shown to work from home, as one would expect. A greater percentage of those working in Group 6 were shown to work from home. The next set of results relates to education level. The results show little variation between those that completed the different stages of education and working from home. Finally, household composition was examined and it was shown that a greater percentage of those living in households that were a couple with a resident child under or over the age of 19 were working from home.
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Caulfield: Does it pay to work from home Table 3 Demographics of those working from home in the GDA Table 4 presents the results of the multinomial logistic regression model estimated to explain what factors influence increased working from home. The variables examined and the modelling process is described in section 3.1. The first set of variables examines the rates of deprivation and how it impacts upon the areas with varying rates of working from home. The results show that those individuals living in more affluent areas (those areas with a deprivation index score of 3 or more) are more likely to work from home compared to those living in more deprived areas. A comparison between those living in areas with 2% working from home and those living in areas with 3% or more working from home shows that those
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living in the second category are more likely to live in an affluent area compared to those in the first category. The next set of variables examines the impacts that access to public transport has upon the likelihood of working from home. The results show that those living in areas with 3% or more working from home are less likely to have good public transport access as they are more likely to have 0-4 bus stops per 1,000 people and not likely to have rail available in their area. In contrast those living in an area with 2% of individuals working from home are likely to have good bus availability and a rail option available.
The next set of variables examined relates to the age profile of those in the different areas and the household structure. The results for the age profiles show that those in areas with high levels of individuals working from home are likely to be in the 45-54 and 55-64 age categories. Household structure is examined in the model to determine what impacts it has upon working from home, the results show that single people and those couples with children under the age 19 were most likely to live in an area with the highest percentage of individuals working from home. The results for the residential density variables shows that areas with the highest levels of working from home were most likely to have low population densities.
The results for the numbers of cars available show that those living in the areas with the highest proportions of those working from home were shown to be most likely to have multiple cars per household. The results for the industrial group show, as one would expect, that those in Group 2 (Agriculture, forestry and fishing) were most likely to live in an area with a high percentage of individuals working from home. The results for industrial group also show that those working in Group 6 (Information and Communication, Financial, Real Estate, Professional, administration and support service activities) were also most likely to live in an area with a high percentage of individuals working from home. The variables that measure broadband Internet coverage rates show, as one might expect, individuals living in areas with higher percentages of those working from home were least likely to live in areas with lower broadband Internet coverage. Finally the education variables show that those with higher levels of education were shown to be most likely to live in areas with higher levels of people working from home.
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Commute savings for travel to work
This section of the paper examines the travel time saved and the economic benefits of working from home. In order to estimate the travel time saved it was necessary to estimate
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a proxy for the potential travel time for each of those currently working from home. As no travel time is recorded for those working from home it was decided to use other individuals living in the same electoral district and in the same industrial grouping as a proxy for a potential journey time. To estimate this proxy travel time for those working from home the average travel time for each of the eight industrial groups was estimated across the 690 electoral districts in the GDA. It was important to estimate the average travel time by electoral district as it gives the best proxy for a travel time for those that work from home. The average travel time by electoral district and industrial grouping was then calculated and the average travel time in hours for each industrial grouping is presented in Table 5 . It should be noted that this is just a proxy for travel time and is the best possible estimate for a potential travel time for those working from home.
The average travel time saved is calculated by multiplying the average travel time by the average 215 working days per year. This approach is also used in McNamara and Caulfield (2011) . This then gives the average travel time saving per year. Table 5 also presents the standard deviation of the travel time saving per year. The average annual travel time saving is then multiplied by the numbers of individuals in each industrial group that indicated they work from home to estimate the overall travel time saving. The results shows that those working from home have saved approximately 3.8 million hours of travel time in the GDA. The total travel time saving is then multiplied by the value of travel time in Ireland (€10.98) (NRA, 2011) to estimate the economic benefit from working from home. The results show that working from home has an economic benefit, using only travel time savings, of €42.2 million based upon 2011 travel to work data.
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Conclusions
The findings presented in this paper show the potential of working from home as a sustainable transport policy. The GDA is typical of many urban areas around the world and the findings of this study show the potential benefits of working from home in terms of travel time saved and the value of travel time saved. The factors that influence the potential to work from home found in this study mirror those found in many other international studies. However, this study does add to the body of knowledge internationally as it examines the impacts that access to public transport and deprivation have upon the likelihood of working from home. The findings in relation to these variables suggest that those living in more affluent areas and those with poor public transport connectivity are more likely to work from home.
